New chelate compounds, with general formula [M(HL 1 ) 2 ](H 2 O) 2 , M = Co(II), Ni(II), Cu(II)] and [M(HL 1 ) 2 ](H 2 O), M = Zn(II), Cd(II), Hg(II), were prepared by reacting chlorid salt of these metals with the new azo Schiff-base ligand 4-((E)-(3-bromo phenyl)diazenyl)-2-((E)-(thiazol-2-ylimino) methylphenol HL 1 using the coupling of diazonium salt of 3-bromoaniline with (E)-2-(thiazol-2-ylimino) methyl phenol. The new azo Schiff thiazol ligand and its chelate complexes were characterized by available spectra and analytical methods such as mass spectra, proton nuclear magnetic resonance ( 1 H-NMR), infrared (IR) spectroscopy, ultraviolet-visible spectroscopy (UVVis), elemental analysis (CHN), molar conductivity and magnetic susceptibility measurements. Results showed that the ratio of metal:ligand was 1:2, and also showed that Co(II), Ni(II), and Cu(II) chelate complexes had octahedral geometry, while Zn(II), Cd(II) and Hg(II), had tetrahedral geometry. The ligand with its complexes was tested in vintor against the sensitive organisms, including Staphylococcus aureus (gram positive) and Pseudomonas aeruginosa (gram negative). The study showed that the prepared metal complexes had more biological affectivity than the ligands themselves.
Introduction
A great deal of work has been reported on the synthesis and characterization of many different types of azo Schiff-base ligands in coordination chemistry. Due to the excellent donor properties of the azo and azo methine group [1, 2] , these ligands have been reported to show a wide range of varity in biological actions because of azomethine linkage which is responsible for antibacterial, antifungal, herbicidal, clinical and analytical activities [1, 4] .
The presence of different atoms as the donor of electrons in the structure of azo Schiff-base ligands, such as O, N and S atoms, gives the ability of coordination between these ligands as lowes base and transition metal as lowes acid, in order to form coordination complexes with different geometrical shapes, depending on the coordination number. On the other hand, the importance of azo compounds such as thiazolyl azo dyes were found in applications such as leather, polymer, paper, paint, textiles and coating industries as a dyeing agent [5] . 1n the present study, novel thiazol Schiff-base ligand (HL 1 ) with its metal complexes was synthesized and characterized by various spectral analysis, their biological activities having also been studied.
Experimental Materials and instruments
Cobalt(II) chloride hexa hydrate CoCl 2 ·6H 2 O (99%), glacial acetic acid CH 3 COOH (99.5%), hydrochloric acid HCl (99%), m-Toluidine C 7 H 9 N (99%), silver nitrate AgNO 3 Stuart melting points SMP10 was used to measure the melting point for solid prepared materials, at College of Science for Women, Kufa University. Shimadzu FTIR 8400S spectrophotometer was used to take infrared (IR) spectra, at College of Pharmacy, Kufa University. Shimadzu UV-1700 spectrophotometer was used to measure the ultraviolet (UV)-visible absorption spectra of ligand and complex solutions in ethanol as solvents for solid materials, at College of Science for Women, Kufa University. Shimadzu AA-6300 Atomic Absorption/Flame Emission Spectrophotometer was used to measure the concentration of some metal ions, in the biochemical laboratory, Kufa University. C.H.N. mth EA 99 was used to determine the percentages of carbon©, hydrogen (H) and nitrogen (N) elements in the prepared ligand and their solid complex compounds at Ahlulbait University, Jordon. Digital Conductivity SeriesIno Lab 720 was used to measure the molar conductivity of prepared chelate complexes in dimethyl sulfoxide in the biochemical laboratory, Kufa University. Balance Magnetic Susceptibility Model-M. S.B Auto was used to measure the magnetic sensitivity of prepared chelate complexes at room temperature, at 
Preparation of (E)-2-((thiazol-2-ylimino)methyl) phenol (SB)
Schiff base prepared by the condensation reaction of thiazol-2-amine with 2-hydroxybenzaldehyde by dissolving 1g of 0.01 mol thiazol-2-amine in 20 mL of absolute ethanol, and then being mixed with a solution of 1.06 mL of 0.01 mol 2-hydroxyl benzaldehyde dissolved in 20 mL of the same solvent with the addition of one drop of glacial acetic acid, followed by reflux for 6 h [6] . The solution was left to cool then poured over the ice; the appearance of yellow precipitate was observed. It was filtered, dried and recrystallized from hot absolute ethanol to get yellow pure crystals of Schiff base. The yield was found equal to 73% and melting point reached to 72 °C. Scheme 1 describes preparation of the Schiff base (SB).
Preparation of azo Schiff-base ligand 4-((E)-(3-bromophenyl)diazenyl)-2-((E)-(thiazol-2-ylimino)-methyl)phenol (HL1)
Azo Schiff-base ligand was prepared according to the following general procedure [7] . 1.08 mL of 0.01 mol 3-Bromoaniline was dissolved in a mixture of 3 mL hydrochloric acid and 20 mL of distilled cold water, and diazotized below 0 °C with 0.7 g of 0.01 mol sodium nitrite dissolved in 10 mL of distilled water. Then, the solution was filtered off, and the result was diazonium chloride. The solution was mixed with 2.04 g of 0.01 mol SB dissolved in the mixture consisting of 150 mL ethanol and 100 mL of 10% sodium hydroxide after being left in the refrigerator for 24 h. The mixture was acidified with dilute hydrochloric acid until pH = 6. The precipitate was filtered off and recrystallized twice from hot ethanol and dried. The yield was 80%; the melting point was 89-91 °C. Table 1 shows physical and analytical data of the ligand and its starting materials, Scheme 2 describes preparation of the azo Schiff-base ligand.
Preparation of metal complexes
The metal complexes (1 mol) were prepared by dissolving 0.774 g 1 mol of the ligand in 50 mL ethanol, added drop by drop whilst stirring, so as to produce a stoichiometric molar ratio of metal : ligand = 1 : 2. The following salts Ni(II), Cu(II), Hg(II), Cd(II) and Zn(II) in 25 mL of absolute ethanol to the solvent and the mixture was heated for 0.5 h, and then left to cool down. A precipitate was observed, filtered off, dried and reconstituted from absolute ethanol to obtain the complex in its pure form.
Antibacterial activity
The invertor biological screening effects of the investing compound were tested against the bacteria Staphyllo coccous aureus and Pseudomonas aeruginosa by the well-diffusion method using Muller-Hinton agar as medium [8] . Wells of 6 mm in diameter were made in agar plates by using sterile cork borer; then the agar surface was inoculated with each bacterium. The tested compounds were dissolved in dimethylformamide (DMF) to obtain a solution with the concentration of 100 ppm. The plates were incubated at 37 °C overnight; the zones of inhibition Scheme 2 Syntheses of HL1 ligand. 
Results and Discussion
Results of the elemental analyses of the azo Schiff thiazol ligand and its metal chelates were in good agreement with the theoretical expectations. The elemental analyses of coordination compounds show that the ratio of metal : ligand = 1 : 2 existed in all the metal complexes. The molecular conductivity results confirmed for metal chelates in ethanol at 25 °C were in the range of 11.75-21.31 S m 2 mol -1
, indicating nonelectrolyte properties in solution, Table 3 shows the measurements of the molar conductivity of complexes.
All the complexes and ligand HL 1 were insoluble in water, but highly soluble in DMF and DMSO. The reaction of the heterocyclic azo Schiff thiazol ligand HL 1 with metal ions, which was mentioned earlier presented crystals of different colors, depending on nature of the metal ion. Some physical and analytical data are given in Table 1 .
Mass spectra
The mass spectra of synthesized azo Schiff thiazol ligand (HL 1 ) were recorded at room temperature. The obtained molecular ion peaks confirmed the propsed formulae for the synthesized compounds. The mass spectrum of the ligand showed the molecular ion respectively, as shown in Fig. 1 and 2 .
H-NMR spectra
The 1 H-NMR spectrum of the azo Schiff thiazol ligand HL 1 is shown in Fig. 3 . The multiple peaks observed in the range of 7.19-8.80 ppm in 1 HNMR spectrum of HL 1 were attributed to the aromatic protons, while the proton of the azo-methine group produced a signal that interleaved the range; it appeared as a single signal at the value of 9.1 ppm [9] . Proton of the phenolic hydroxyl group of the salicialdehyde ring 25  24  23  22  21  20  19  18  17  16  15  14  13  12  11  10  9  8  7  6  5  4  3  2  1  0  310  320  330  340  350  360  370  380  390  400  410  420  430  440 Ret. Int (%) m/z (Da) appeared as a single signal at 10.3 [10] . The absence of this peak, noted in the complexes, indicated the loss of the -OH proton due to the complex ion. There was no appreciable change in all other signals in this complexes as shown in Fig. 4 .
Infrared (IR) spectroscopy
The IR spectra of azo Schiff thiazol ligand (HL 1 ) and its metal complexes were studied by using potassium bromide (KBr) disc in the range of 4000-400 cm -1 . The shifts in positions or changes in the shape of metal complex bands compared with those absorption bands due to azo Schiff thiazol ligand suggested the probable modes of bonding in the metal complexes. The IR spectra of the free azo Schiff thiazol ligand (HL 1 ) and its metal complexes with Co(III), Ni(II), Cu(II), Zn((II), Cd(II) and Hg(II) are given in Table 2 . The IR spectrum of the ligand and copper(II) complex is given in Fig. 5 and 6 , respectively. The observed band at 1666 cm -1 was due to ν(C=N) group of the ligand [11] . These bands shifted to lower region during the complex formation, indicating its participation in coordination with the metal ions. The spectra of the metal complexes showed the hydroxyl group with a location, shape and intensity different from the free ligand spectrum, which was due to the association of υ(O-H) with the metal ions after the loss of proton at the formation of the complex. The sharp band at 678 cm -1 was due to ν(C-Br) [12] . In the metal complexes, the aromatic C-H stretching bands were observed between 3063 and 3061 cm -1 [13] . The IR spectra of the complex showed a weak beam to medium intensity and at frequencies of 3600-3200 cm -1 , due to the asymmetric and asymmetric vibrations of the H-O-H which indicated the presence of water molecules [14] . The vibration band of the azo group both in the ligand and in the complexes was seen in the range of 1469-1463 cm -1 [15] . The constant value of its vibration both in the ligand and in the complexes indicated that there was no coordination between the azo group and the metal ions. However, there were two new bands which were not seen in the spectrum of the ligand, appearing also in the spectra of the complexes. The first one was the M-O stretching bands ranging in 513-524 cm -1 , which indicated that the ligand was coordinated with the metals through the phenolic hydroxyls. And the second weak band was M-N vibrations seen in 428-44 cm -1 [16] .
Magnetic measurements and electronic spectra
The spectral data and the magnetic moments of each complexes are listed in Table 3 .
HL 1 ligand
The UV-Vis spectra of azo Schiff thiazol ligand (HL 1 ) and its metal complexes were measured in ethanol at room temperature, and the absorbance maxima are presented in Table 3 . The HL 1 ligand was characterized mainly by two absorption bands. The bands at 28.248 cm -1 (354 nm) and 37.174 cm -1 (269 nm) were assigned to n→π* and π→π* transitions, respectively in the azo and hydroxyimine groups in the phenyl azo-linked hydroxyimino ligand HL 1 . The UVvisible spectrum of the HL 1 azo Schiff thiazol ligand in ethanol solution is shown in Fig. 7 .
Co(II) complex
The magnetic measurement showed that Co(II) complexes exhibited magnetic moment of 4.81 B.M laying within the range of octaheadral high spin cobalt(II) complex [17] . The electronic spectrum of this complex showed an absorption band at 15384 cm -1 (650 nm); the 4 T 1g → 4 A 2g transition is characteristic of octahedral stereo chemistry [18] .
Ni(II) complex
The magnetic measurement showed that Ni(II) complex exhibited magnetic moment of 2.92 B.M laying within the range of octahedral high spin nickel(II) complex [17] . The electronic spectra of this complex showed two spin-allowed transitions at 23148 cm -1 (432 nm) and 13003cm -1 (769 nm) corresponding to 3 A 2g → 3 T 2g and 3 A 2g → 3 T 1g , respectively [19] , as shown in Fig. 8 .
Cu(II) complex The value of magnetic moment for this complex was found to be 1.72 B.M due to the presence of one unpaired electron in the compound [20] . The electronic spectra showed a broad absorption band around 11098 cm -1 (901 nm) which was assigned to the transition 2 B 1g → 2 B 2g . It's reasonable to assign distorted octahedral structure [21] .
Zn(II), Cd(II) and Hg(II) complexes
The magnetic susceptibility showed that all these complexes had diamagnetic moments, and the electronic spectra of these complexes did not show any d-d transition band. It's reasonable to assign tetrahedral structure.
Antibacterial activity
The effect of the ligand HL 1 and its complexes were tested for invertor growth inhibitory activity against the gram-positive bacterium Staphylococcus aureus and gram-negative Pseudomonas aeruginosa by using the well-diffusion method, all the tested compounds showed a remarkable anti-bacterial activity against the tested bacteria. The result are listed in Table 4 and its statistical presentation is shown in Fig. 11 . It was revealed that the metal complexes were more active than the free ligand, and such enhanced activity of metal chelates was due to the lipophilic nature of metal ions in complexes [22] . It was also suggested that the complexes possessed antibacterial activity inhibiting multiplication process of microbes by blocking their active sites [23] . The ligand showed higher effect against all the tested bacteria strains except Pseudomonas aeruginosa, Staphylococcus aureus both of the complexes were shown Co(II), Ni(II), Cu(II), Zn(II), Cd(II), Hg(II).
The higher biological activity of metal complexes than the free ligand can be explained on the basis of Overtone's concept and Tweedy's chelation theory [24] . The mechanism of antibacterial drugs can be discussed under four headings: (1) inhibition of cell wall, (2) inhibition of cell membrane function, (3) inhibition of protein synthesis, and (4) inhibition of nucleic acid [25] . Finally, the toxicity of Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II) complexes was found to be better than the ligand.
Conclusions
I n t h e p r e s e n t s t u d y, t h e p r e p a r a t i o n a n d characterization of Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II) complexes of 4-((E)-(3-bromo phenyl)diazenyl)-2-((E)-(thiazol-2-ylimino)methyl) phenol (HL 1 ) were carried out and charachterized by mass spectrum, 1 H-NMR, IR spectroscopy and UVVis studies. Electronic spectral data and magnetic susceptibility measurements supported octahedral geometry of the Co(II), Ni(II) and Cu(II) complexes, while tetrahedral geometry for Zn(II), Cd(II) and Hg(II) complexes. The complexes were found to have higher biological activities as compared to the respective ligand.
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